Perceived neighborhood problems are associated with shorter telomere length in African American women  by Gebreab, Samson Y. et al.
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Objectives:  African  Americans  (AA)  experience  higher  levels  of stress  related  to  living  in racially  seg-
regated  and poor  neighborhoods.  However,  little  is  known  about  the associations  between  perceived
neighborhood  environments  and  cellular  aging  among  adult  AA.  This  study  examined  whether  per-
ceived  neighborhood  environments  were  associated  with  telomere  length  (TL)  in AA after  adjustment
for  individual-level  risk  factors.
Methods:  The  analysis  included  158  women  and  75 men  AA  aged  30–55  years  from  the  Morehouse
School  of  Medicine  Study.  Relative  TL  (T/S  ratio)  was  measured  from  peripheral  blood  leukocytes  using
quantitative  real-time  polymerase  chain  reaction.  Multivariable  linear  regression  models  were  used  to
examine  the  associations  of perceived  neighborhood  social  cohesion,  problems,  and  overall  unfavorable
perceptions  with  log-TL.
Results:  Women  had  signiﬁcantly  longer  TL than  men  (0.59 vs.  0.54,  p  = 0.012).  After  controlling  for
sociodemographic,  and  biomedical  and psychosocial  factors,  a  1-SD  increase  in  perceived  neighbor-
hood  problems  was  associated  with  7.3%  shorter  TL  in  women  (Mean  Difference  [MD]  = −0.073  (Standard
Error  = 0.03),  p  =  0.012).  Overall  unfavorable  perception  of  neighborhood  was  also  associated  with  5.9%
shorter  TL  among  women  (MD =  −0.059(0.03),  p = 0.023).  Better  perceived  social  cohesion  were  associated
with 2.4%  longer  TL,  but  did  not  reach  statistical  signiﬁcance  (MD = 0.024(0.02),  p = 0.218).  No  association
was  observed  between  perceived  neighborhood  environments  and  TL  in  men.
Conclusions:  Our ﬁndings  suggest  that  perceived  neighborhood  environments  may  be predictive  of  cellu-
lar  aging  in  AA  women  even  after accounting  for individual-level  risk  factors.  Additional  research  with  a
larger  sample  is needed  to determine  whether  perceived  neighborhood  environments  are  causally  related
to TL.
Published by Elsevier  Ltd.  Published  by Elsevier  Ltd.  This  is an  open  access  article  under  the CC. Introduction
A large body of evidence suggest that neighborhood contexts
re associated with a wide-range of health outcomes above and
eyond individual-level risk factors and socioeconomic status (SES)
Diez Roux and Mair, 2010). However, the molecular or cellular
echanisms through which neighborhood contexts contribute to
ealth outcomes are not well understood. Several recent studies
∗ Corresponding author at: National Human Genome Research Institute, NIH,
etabolic, Cardiovascular and Inﬂammatory Disease Genomics Branch, Cardiovas-
ular Disease Section, Social Epidemiology Research Unit, 10 Center Drive, Room
N316, MSC 1644, Bethesda 20892, MD,  United States.
E-mail address: samson.gebreab@nih.gov (S.Y. Gebreab).
ttp://dx.doi.org/10.1016/j.psyneuen.2016.03.018
306-4530/Published by Elsevier Ltd. This is an open access article under the CC BY-NC-NBY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
have indicated that shorter telomere length (TL) is associated with
increased risk of diabetes, hypertension, atherosclerosis, cardiovas-
cular diseases (CVD), cancer and mortality (Cawthon et al., 2003;
Blasco, 2005; Demissie et al., 2006; Salpea and Humphries, 2010;
Sanders and Newman, 2013; Zee et al., 2010; Geronimus et al.,
2010), although some studies have not replicated these associations
(Bischoff et al., 2006; Carty et al., 2015). Therefore, TL may pro-
vide the biological link between neighborhood contexts and health
outcomes.
Telomeres are nucleoprotein structures located at the ends of
chromosomes, which play a vital role in providing genomic stabil-
ity and maintaining chromosomal structural integrity (Blackburn,
2000). TL generally shortens progressively with every cell division
and over the lifespan. A critically shortened TL triggers cellular
D license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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enescence making TL a valuable biomarker for chronic stress
nd biological aging (Blackburn, 2000; Monaghan, 2010). Although
enetic factors partially determine early life TL, evidence sug-
ests that environmental factors may  also affect TL in adulthood
Slagboom et al., 1994; Epel et al., 2004). Indeed, several studies
ave reported that telomere shortening is associated with vari-
us forms of chronic psychosocial stressors, such as life stress, low
ocioeconomic status, racial discrimination and depression (Epel
t al., 2004; Simon et al., 2006; Geronimus et al., 2010; Price et al.,
013; Chae et al., 2014; Geronimus et al., 2015; Needham et al.,
015). Moreover, genetic factors and psychosocial stressors may
urther act synergistically to affect TL. For example, recent research
ound adverse social environment led to shorter TL in African Amer-
can children with high risk of genetic variants in the serotonin and
opamine systems (Mitchell et al., 2014). Although the underly-
ng mechanisms by which psychosocial stressors affect TL are not
ully understood, it has been suggested that they may  contribute to
horter TL by promoting oxidative stress and inﬂammation—two
iological mechanisms that are known to cause accelerated TL
hortening(Monaghan, 2010).
Aspects of neighborhood environments have also been sug-
ested as sources of psychological and physiological stress (Ross
nd Mirowsky, 2001; Steptoe and Feldman, 2001; Burdette and
ill, 2008), and thus potential risk factors for cellular aging.
esearchers hypothesize that residents who live in disordered
eighborhood environments (e.g. problems with crime, vandalism,
bandoned buildings, litter, poor quality of facilities, mistrust of
eighbors) perceive their neighbors and neighborhoods less favor-
bly and experience heightened psychological and physiological
tress responses compared to residents who perceive their neigh-
orhoods more favorably (Hill et al., 2005; Burdette and Hill, 2008).
he constant exposure to a disordered neighborhood environ-
ent can lead to over-activation of multiple physiological systems,
ncluding the hypothalamic pituitary adrenal (HPA)-axis and sym-
athetic nervous system (SNS) (Mcewen, 1998; Bird et al., 2010).
erpetual over-activation of these systems have been shown to
ncrease allostatic load, inﬂammation and oxidative stress, which
n turn are major cause of cellular degradation and TL shortening
Tomiyama et al., 2012; Monaghan, 2010). Additionally, residents
ho live in disordered neighborhood environments are more likely
o engage in negative health behaviors (e.g., smoking, sedentary
ehaviors, alcohol drinking, and poor diet quality), which could
ave deleterious effects on cellular aging (Hill et al., 2005; Burdette
nd Hill, 2008). On the other hand, neighborhood social cohesion
s hypothesized to inﬂuence psychosocial processes by generat-
ng mutual trust, meaningful social bonds among neighbors and
trong social support mechanisms (Kawachi and Berkman 2000).
hese psychosocial resources can serve as a buffer against adverse
ffects of chronic stress, which may  in turn decelerate cellular
ging. In addition, social cohesion may  also play a protective role
gainst cellular aging by promoting rapid diffusion of health-
elated knowledge, increasing access to services and amenities
nd reinforcing social norms for positive health-related behaviors
e.g. waking or exercise, banning smoking and drinking in public)
Kawachi and Berkman 2000; Echeverría et al., 2008).
To date, there are only three empirical studies that have exam-
ned associations between perceived neighborhood environments
nd cellular aging. One study reported that parental perceived
eighborhood disorder was associated with salivary TL in African
merican children (Theall et al., 2013). A study in economically
dvantaged older populations from New York and Los Angeles
eported neighborhood perceived lower aesthetic quality, safety
nd social cohesion were associated with shorter leucocyte TL
Needham et al., 2014). Recent study in Dutch populations from
he Netherlands also showed an association between perceived
eighborhood quality and cellular aging (Park et al., 2015). Toocrinology 69 (2016) 90–97 91
our knowledge, no study has examined the associations between
perceived neighborhood environments and TL in adult African
Americans from the southern United States.
More research in African Americans is especially needed given
recent studies indicate that a steeper decline in TL with age in
African Americans than in white (Diez Roux et al., 2009; Rewak
et al., 2014). It has been suggested that cumulative exposure to
multiple sources of psychosocial stressors over the lifecourse as
possible contributors to faster TL shortening with age in African
Americans (Diez Roux et al., 2009). While previous studies indi-
cated that racial discrimination, perceived stress, and poverty are
associated with TL among African Americans (Geronimus et al.,
2010; Chae et al., 2014; Geronimus et al., 2015), the assoca-
tions between neighborhood environments and TL in adult African
Americans are not currently known. Researchers generally have
shown that African Americans are more likely than whites or
other racial groups to reside in neighborhoods with high levels
of social and physical disorders often characterized by high rates
of poverty, crime, noise, litter, trash, and environmental hazards
(Williams and Jackson, 2005; Osypuk et al., 2009). Additionally,
African Americans neighborhoods often lack the material and psy-
chosocial resources (e.g. economic opportunities, quality health
care, social network) necessary to cope with chronic stressors
(Williams and Jackson, 2005). These stressful neighborhood envi-
ronments can lead to physiological and psychological “wear and
tear”, which in turn may  result in biological weathering of TL
in African Americans. Therefore, understanding the relationships
between perceived neighborhood environments and TL has the
potential to elucidate the cellular mechanisms by which neigh-
borhood stressors contribute to life-shortening diseases in African
Americans.
In this study, we examined the associations between perceived
neighborhood environments and TL in adult African Americans
recruited from the South after adjusting for individual-level risk
factors. We  hypothesized that perceived neighborhood social
cohesion would be associated with longer TL whereas perceived
neighborhood problems and overall unfavorable perception of
neighborhood would be associated with shorter TL. We  also
hypothesized that the associations between perceived neighbor-
hood environments and TL would be attenuated after adjusting
for individual-level sociodemographic variables, and CVD and psy-
chosocial risk factors.
2. Materials and methods
2.1. Population study
Data for this study were obtained from the Minority Health
Genomics and Translational Research Bio-Repository Database
(MH-GRID) study, a multi-cohort case-control study of severe-
controlled and resistant hypertension among African Americans
aged 30–55 years from the Southern United States. Details of the
MH-GRID study design are described in detail elsewhere (Horbal
et al., 2016). In this study, analysis was focused on a subset of MH-
GRID participants who were recruited from Morehouse School of
Medicine (Atlanta, GA), Grady Health System (Atlanta, GA), Kaiser
Permanent-Georgia (Atlanta, GA), and the Jackson-Hinds Clinic
(Jackson, MS)  between April 2012 and September 2013. These par-
ticipants were chosen because they had data on TL and completed
an extensive examination on socio-demographic, health behaviors,
biomedical, psychosocial and neighborhood measures. In total, 373
participants had information on TL. After excluding missing data on
socio-demographic, neighborhood measures, and biomedical risk
factors as well as mismatch of self-reported sex with genotypic
sex, analysis included 233 (158 women  and 75 men) participants
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Table 1
Distribution of selected individual-level characteristics and perceived neighborhood environments by sex in African Americans.
Characteristic Women  (N = 158) Men  (75) *p value
TL (T/S ratio), mean (SD) 0.59 (0.14) 0.54(0.12) 0.012
Age  (years), mean (SD) 45.1(7.1) 46.4(6.8) 0.184
Married/living with a partner, % 31.7 18.7 0.038
Education, % 0.002
High  school or less 24.1 44.0
Some college/associate degree 52.3 32.0
College graduate 24.7 24.9
Annual family income, %
<$20,000 36.7 66.7 <0.001
$20,000–$34,999 17.1 13.3
$35,000 −$74,999 31.7 5.3
≥$75,000 14.6 14.7
Smoking status, % <0.001
Never 73.4 48.0
Former 7.6 6.7
Current 19.0 45.3
Alcohol consumption, % 0.01
Never  26.0 4.7
Former 16.5 28.0
Occasional 33.5 21.3
Regular 24.1 36.0
Body  mass index (kg/m2), mean (SD) 35.2(7.7) 28.5(6.5) <0.001
Fasting glucose (mg/dL), mean (SD) 91.3 (13.2) 90.7(9.92) 0.716
Hypertension, % 75.3 50.7 <0.001
LDL  cholesterol (mg/dL), mean (SD) 110.2 (32.6) 111.0(29.9) 0.868
HDL  cholesterol (mg/dL), mean (SD) 58.0(15.2) 59.7(17.3) 0.443
Triglyceride, mean (SD) 92.2 (41.8) 90.5(42.7) 0.778
eGFR,  mean (SD) 100.0(19.0) 96.9(22.9) 0.052
ACR,  mean (SD) 8.0(17.6) 7.6(10.6) 0.871
CES-D, mean (SD) 12.0(10.0) 13.0(9.7) 0.398
Perceived stress, mean (SD) 22.3(8.5) 22.1(9.1) 0.802
Perceived social cohesion, mean (SD) 2.6(0.8) 2.7(0.7) 0.130
Perceived neighborhood problems, mean (SD) 3.4(0.6) 3.0(0.8) <0.001
Overall unfavorable perception of neighborhood, mean (SD) 3.4(0.5) 3.1(0.6) <0.001
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* p value derived from student t-test for continuous variables and chi-square tes
ith complete covariate data. Informed consent was obtained from
he participants included in the present analysis and the study was
pproved by the Morehouse School of Medicine, Kaiser Perma-
ente, Grady Health System, Research Oversight Committee, and
he National Institutes of Health Institutional Review Boards.
.2. Relative telomere length assay
TL was measured using genomic DNA extracted from peripheral
lood leukocytes via frozen EDTA blood tubes using the EZNA blood
NA Midi Kit (Omega Bio-tek, Norcross, GA). The DNA concentra-
ion was measured using a NanoDrop Spectrophotomer (Thermo
cientiﬁc, Wilmington, DE) and a dsDNA- intercalating dye (Quan-
iFluor, Promega, Madison, WI). TL measure was  performed at
he Cancer Genomics Research laboratory (CGR), National Cancer
nstitute using a technique adapted from Cawthon’s quantitative
eal-time polymerase chain reaction (qPCR) protocol (Cawthon,
002; Cawthon, 2009). This method measures TL as a ratio (T/S)
f telomere repeat length (T) to copy number of a single copy gene,
6B4(S), within each sample.
4 ng of sample DNA, according to Quant-iT PicoGreen dsDNA
uantitation (Life Technologies, Grand Island, NY), was transferred
nto LightCycler-compatible 384-well plates (Roche, Indianapolis,
N) and dried down. An internal standard curve (6 concentrations
f pooled reference DNA samples spanning a 97.6-fold range in
oncentration, prepared by serial dilution) and randomly located
nternal QC samples utilized as calibrator samples were applied
o the assay plates to guide analysis and indicate overall quality of
ssay performance. Additionally, an NTC was added to random well
ocations of 384-well plate to provide a unique ﬁngerprint for each; HDL, high-density lipoprotein; eGFR, estimated glomerular ﬁltration rate; ACR,
tegorical variables.
plate. All study and control samples were assayed in triplicate on
each plate.
PCR was  performed using 5 uL reaction volumes consist-
ing of: 2.5 uL of 2X Rotor-Gene SYBR Green PCR Master
Mix  (QIAGEN, Germantown, MD), 2.0 uL of MBG  Water, and
0.5 uL of 1 M assay-speciﬁc mix  of primers. Oligonucleotides
(Integrated DNA Technologies, Coralville, IA) were manufac-
tured in LabReady format (Normalized to 100 uM in IDTE,
pH 8.0 and HPLC Puriﬁed). Primers for the telomeric PCR
were Telo FP [5′-CGGTTT(GTTTGG)5GTT-3′] and Telo RP [5′-
GGCTTG(CCTTAC)5CCT-3′]. Primers for the single-copy gene
(36B4) PCR were 36B4 FP [5′-CAGCAAGTGGGAAGGTGTAATCC-3′]
and 36B4 RP [5′-CCCATTCTATCATCAACGGGTACAA-3′]. 1 M assay
mixes were generated by combining 990 uL of 1X Tris-EDTA Buffer
with 5 uL of forward oligo and 5 uL of reverse oligo. Thermal cycling
was performed on a LightCycler 480 (Roche) where PCR conditions
consisted of the following steps: Cycling for T (telomeric) PCR: 95◦ C
hold for 5 min, denature at 98◦ C for 15 s, anneal at 54◦ C for 2 min,
with ﬂuorescence data collection, 35 cycles. Cycling for S (single-
copy gene, 36B4) PCR: 98◦ C hold for 5 min, denature at 98◦ C for
15 s, anneal at 58◦ C for 1 min, with ﬂuorescence data collection, 43
cycles.
Analysis of the PCR output was preformed using LightCycler
software (Release 1.5.0), which used to generate the standard curve
based on the maximum secondary derivative of each reaction and
to determine the T and S copy numbers within each sample. The
concentration of telomere (T) signal was  divided by the concentra-
tion of 36B4 (S) signal to calculate T/S ratio. This raw T/S ratio was
then divided by the average T/S ratio of the internal QC calibrator
samples, within the same plate, to calculate the ﬁnal standardized
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Table  2
Adjusted mean difference in log telomere length (T/S ratio) corresponding to a one standard deviation increase in perceived neighborhood environments by sex in African
Americans*.
Women (N = 158)
Social cohesion p value Neighborhood problems p value Overall unfavorable neighborhood p value
Model  1 0.017 ± 0.02 0.365 −0.049 ± 0.03 0.052 −0.039 ± 0.02 0.090
Model 2 0.019 ± 0.02 0.321 −0.056 ± 0.03 0.038 −0.044 ± 0.02 0.067
Model 3 0.024 ± 0.02 0.218 −0.073 ± 0.03 0.012 −0.059 ± 0.03 0.023
Men  (N = 75)
Model 1 0.009 ± 0.03 0.749 0.004 ± 0.03 0.934 −0.002 ± 0.03 0.951
Model 2 0.012 ± 0.03 0.7203 0.003 ± 0.03 0.909 −0.004 ± 0.03 0.912
Model 3 0.002 ± 0.03 0.843 0.015 ± 0.03 0.620 0.008 ± 0.03 0.794
Perceived neighborhood variables were entered into the models individually.
Model 1 adjusted for sociodemographic variables (age, marital status, household income, education).
Model 2 adjusted for CVD risk factors (smoking, alcohol use, body mass index, hypertension, fasting glucose, LDL and HDL cholesterol, eGFR, ACR), in addition to the factors
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odel 3 adjusted for psychosocial factors (CES-D and perceived stress), in addition
* T/S was log transformed and all estimates were scaled to a one standard deviat
/S ratio for each sample. In this study, the intra-class correlation
oefﬁcient (ICC) between the repeated measures was  0.89 (95% con-
dence interval: 0.84, 0.92) and the coefﬁcient of variation (CV) was
.95%. In our analysis, we used standardized log-transformed T/S
atio as an outcome of TL.
.3. Perceived neighborhood environments
We  used two perceived neighborhood scales that had been pre-
iously linked to stress. Perceived neighborhood social cohesion
as assessed based on ﬁve items (Sampson et al., 1997) and neigh-
orhood problems was assessed based on seven items (Ross and
irowsky, 1999). Participants were asked to respond their level of
greement related to their neighborhood social cohesion using on
 5-point Likert scale (1 = strongly disagree to 5 = strongly agree)
hether their neighborhood is ‘close knit’, and neighbors are will-
ng to help each other, neighbors get along, neighbors can be trusted
nd neighbors share the same values. Responses to the ﬁve items
ere summed and divided by the total number of items to cre-
te a mean index of perceived social cohesion (Echeverría et al.,
008; Dulin-Keita et al., 2013; Martin et al., 2010). The reliabil-
ty for the perceived social cohesion was acceptable (Cronbach’s
lpha = 0.70). Perceived neighborhood problems was  assessed by
sking participants using a 4-point Likert scale (1 = not really a
roblem to 4 = very serious problem). The items included excessive
oise, heavy trafﬁc or speeding cars, lack of access to adequate food
hopping, lack of parks or playgrounds, trash/litter, no sidewalks or
oorly maintained sidewalks, and violence. Responses to the items
ere summed and divided by the total number of items in the
cale to create a mean index of perceived neighborhood problems.
he reliability for the perceptions of neighborhood problems was
trong (Cronbach’s alpha = 0.85). In addition to these two scales, we
lso combined the scores for perceived problems and social cohe-
ion to create a summary index representing overall unfavorable
erception of neighborhood. Perceived neighborhood social cohe-
ion was reverse-coded before averaging so that a higher score for
he summary index indicate a higher score of overall unfavorable
erception of neighborhood.
.4. Sociodemographic characteristics
Sociodemographic factors include age (years), sex
female/male), marital status (married/living with partner or
ot). Participants also reported the highest educational level
ompleted. Education was categorized into three categories for
his analysis (1) completed high school or less, (2) technical school
ertiﬁcate, some college, and associate degree, and (3) bachelor’s
egree, or graduate/professional degree. In addition, participants factors in model 2.
rease in the perceived neighborhood variables.
were asked to select their total gross family income in the past 12
months from 13 categories. Income was collapsed into 4 categories
(<$20,000, $20,000-$34,999, $35,000-$74,999, or ≥$75,000) for
the present analyses.
2.5. Covariates
Other covariates examined as possible confounders and/or
mediators included smoking status, alcohol consumption, body
mass index (BMI), hypertension, fasting glucose (mg/dL), low den-
sity lipoprotein (LDL-mg/dL), high density lipoprotein (HDL-mg/dL)
cholesterol, triglycerides (mg/dL), estimated glomerular ﬁltration
rate (eGFR) and albuminuria. Self-reported smoking status was
assessed as never, former, current cigarette smoker. Self-reported
alcohol consumption was  also assessed as never, former, occasional
and regular drinker. BMI  was  calculated as the measurement of
weight (kg)/height (m)2. Fasting glucose, LDL, HDL and triglyc-
erides were measured using standard techniques by a commercial
laboratory (Quest Diagnostics, Atlanta, and GA). Hypertension was
deﬁned as a systolic blood pressure of ≥140 mm Hg and ≤180 mm
Hg, diastolic blood pressure of ≥90 mm Hg and ≤110 mm Hg, or
the use of ≥ 2 medications for blood pressure for at least the last 3
months. eGFR was calculated according to the Chronic Kidney Dis-
ease Epidemiology Collaboration equation using age, sex, race, and
serum creatinine concentration. Albuminuria was assessed as the
urinary albumin-to-creatinine ratio (ACR). Smoking, alcohol, and
hypertension status were used as categorical variables; and BMI,
glucose, LDL, HDL, triglycerides, eGFR, and ACR were used as con-
tinuous variables. In addition, psychosocial factors were assessed
using standardized questionnaires. Depression was assessed based
on a 16-item scale developed by the Center for Epidemiology Stud-
ies Depression scale (CES-D)(Radloff, 1977), and perceived stress
was assessed using the 14-item Cohen’s scale (Cohen et al., 1983).
Depression and perceived stress were used as continuous variables.
2.6. Statistical analysis
We ﬁrst examined the distribution of selected individual-level
characteristics and perceived neighborhood environments by sex.
Differences between women  and men  were investigated using t-
tests for the continuous covariates and chi-square tests for the
categorical variables.
TL (T/S ratio) was  log-transformed to improve the normality of
the distribution before the analysis. Multivariable linear regression
models were used to estimate mean differences in log-TL associ-
ated with a standard deviation increase in perceived neighborhood
environments before and after adjustment for sets of covariates.
Neighborhood predictors were transformed into SD units to allow
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omparison across the different measures. Perceived neighbor-
ood environments were included as continuous variables because
escriptive analyses did not show evidence of a threshold effect.
ach neighborhood predictor was investigated separately in mul-
ivariable regression models. We  ﬁtted sequential models for each
eighborhood predictor: Model 1 adjusted for socio-demographic
actors, including age, marital status, education, and income. Model
 further adjusted for CVD risk factors, including smoking, alco-
ol consumption, BMI, fasting glucose, hypertension, LDL, HDL,
riglycerides, ACR, and eGFR. Model 3 additionally adjusted for
epression and perceived stress, which may  serve as potential
ediators of the neighborhood-TL association. In order to inves-
igate the independent effects of perceived social cohesion and
eighborhood problems, we also ﬁtted the same sequence of mod-
ls by entering the two neighborhood predictors simultaneously
n the same model. We  also tested for interactions between per-
eived neighborhood variables and gender and hypertension. We
ound statistically signiﬁcant interactions between gender and per-
eived neighborhood problems (p value for interaction = 0.05), so all
nalyses were stratiﬁed by gender. However, we found no evidence
f interaction between neighborhood variables and hypertension
all p values for interactions were > 0.05). Residual diagnostics
nspection showed that the models met  the assumptions of linear
egression. Moreover, the models were checked for potential out-
iers using regression diagnostics. The models were also checked
or multicollinearity and found no evidence of variance inﬂation
VIF) more than 5. All analyses were conducted using SAS software
SAS Institute, Cary, NC).
. Results
Table 1 shows the distribution of socio-demographic, CVD risk
actors and perceived neighborhood environments by sex. Women
omprised 68% of the sample and were similar in age with men.
ost men  were unmarried/living with no partner, and had a high
chool education or less, and reported lower annual income than
omen. TL varied by sex, as women had signiﬁcantly longer mean
L of 0.59 compared with 0.54 for men  (p = 0.012). Men  were also
ore likely to smoke and consume alcohol, but had lower mean
MI  and hypertension rates than women. There were no signiﬁcant
ender differences with respect to lipid proﬁles, fasting glucose,
epression and stress. However, women were more likely than men
o report higher perceived neighborhood problems (mean score 3.4
s. 3.0) and lower perceived neighborhood social cohesion (2.6 vs.
.7). Overall, women perceived their neighborhood more unfavor-
bly than men  (3.4 vs. 3.1). Bivariate relationships generally show
ow to modest correlations between perceived neighborhood envi-
onments and covariates (supplemental Table 1).
Table 2 shows sex–stratiﬁed adjusted mean differences of TL
ssociated with perceived neighborhood environments. Estimates
orrespond to mean differences in log-T/S ratio of TL per 1-standard
eviation (SD) increase in perceived neighborhood environments.
mong women, 1-SD increase in perceived neighborhood social
ohesion was associated with 1.7% longer TL after adjusting for
ociodemographic factors (age, marital status, education, and
ncome), but the association did not reach statistical signiﬁ-
ance (model 1: mean difference =0.017, standard error (SE) =0.02,
 = 0.365). Further adjustment for CVD risk factors (smoking, alco-
ol use, BMI, hypertension, glucose, LDL, HDL, triglycerides, ACR,
nd eGFR) (model 2: mean difference =0.019, SE = 0.02, p = 0.321)
nd psychosocial factors (depression and perceived stress) (model
: mean difference =0.024, SE = 0.02, p = 0.218) did not substantially
odify the association between social cohesion and TL.
Perceived neighborhood problems were inversely associated
ith TL among women. A 1-SD increase in perceived neigh-ocrinology 69 (2016) 90–97
borhood problems was  marginally associated with 4. 9% shorter
TL among women after adjusting for sociodemographic factors
(model 1: mean difference in TL = −0.049, SE = 0.02, p = 0.052). After
adjustment for CVD risk factors, a 1-SD increase in perceived neigh-
borhood problems was signiﬁcantly associated with 5.6% of shorter
TL (model 2: mean difference = −0.056, SE=0.03, p = 0.038). Further
adjustment for depression and perceived stress, the association
became signiﬁcantly stronger (model 3: mean difference = −0.073,
SE=0.03, p = 0.012). In addition, overall unfavorable perception of
neighborhood was  signiﬁcantly associated with 5.9% of shorter TL
among women in a fully adjusted model (mean difference = −0.059,
SE = 0.03, p = 0.023). When perceived social cohesion and prob-
lems were examined simultaneously in relation to TL among
women (Table 3), 1-SD increase in perceived neighborhood prob-
lems was still associated with 6.9% shorter TL independent of
social cohesion in a fully adjusted model 3 (mean difference = −
0.069, SE =0.03, p = 0.021). Among men, no association was found
between perceived neighborhood environments and TL in any of
the models. Overall, perceived neighborhood environments were
more strongly associated with TL in African American women than
in men.
4. Discussion
In this study, we examined the associations between perceived
neighborhood environments and cellular aging in African Amer-
icans from the South. Our results suggest that higher perceived
neighborhood problems were associated with 7.3% shorter TL
among African American women. Furthermore, women with higher
overall unfavorable perception of neighborhood had 5.9% shorter
TL. These associations were generally robust even after adjust-
ment for key confounders and hypothesized mediators of perceived
stress and depression. We  also observed that women with bet-
ter perceived neighborhood social cohesion had longer TL, but the
association was  not statistically signiﬁcant. However, there was  no
evidence of association between perceived neighborhood environ-
ments and TL in African American men.
Thus far there have been only three studies relating neigh-
borhood environments to TL and they were limited to African
American children, economically advantaged elderly populations
or white populations. In a study of 99 African American children
aged between 4 and 14 from New Orleans, Louisiana, Theall et al.
(2013) found that children living in greater level of neighborhood
disorder by the mother’s appraisal had lower salivary TL than those
who did not. The Multi-Ethnic Study of Atherosclerosis (MESA)
has shown that perceived neighborhood environments related to
aesthetic quality, safety, and social cohesion were associated with
longer leukocyte TL in a multi-ethnic US sample aged between 45
and 84 (Needham et al., 2014). A recent study in a Dutch population
from the Netherlands Study of Depression and Anxiety showed that
perception of poor neighborhood quality was  associated with a 174
base pair shorter TL (Park et al., 2015). Our study adds and extends
to this limited literature by being the ﬁrst to explore the associ-
ations between TL and perceived neighborhood environments in
adult African Americans who live in more stressful neighborhood
environments, a research topic previously investigated in children
and white populations. Our ﬁndings suggest that neighborhood
problems are associated with 7.3% shorter TL in African American
women, even after taking potential confounders and/or meditators
into account. In addition, the point estimate continued to suggest
that African Americans women living in problematic neighbor-
hoods were associated with 6.9% shorter TL, even after adjusting
for perceived social cohesion. In contrast to the MESA study, we
did not ﬁnd signiﬁcant association between perceived social cohe-
sion and TL, although the direction of the association was in the
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Table  3
Adjusted mean difference in log telomere length (T/S ratio) corresponding to a one standard deviation increase in perceived neighborhood environments in African American
women*.
Model 1 p value Model 2 p value Model 3 p value
Social Cohesion 0.007 ± 0.02 0.719 0.008 ± 0.02 0.678 0.012 ± 0.02 0.557
Neighborhood Problems −0.047 ± 0.03 0.080 −0.053 ± 0.03 0.063 −0.069 ± 0.03 0.021
Perceived neighborhood social cohesion and problems were entered into the models simultaneously.
Model 1 adjusted for sociodemographic variables (age, marital status, household income, education).
Model 2 adjusted for CVD risk factors (smoking, alcohol use, body mass index, hypertension, fasting glucose, LDL and HDL cholesterol, eGFR, ACR), in addition to the factors
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odel 3 adjusted for psychosocial factors (CES-D and perceived stress), in addition
* T/S was log transformed and all estimates were scaled to a one standard deviat
xpected direction as that of the MESA study. Additional stud-
es involving longitudinal data are needed to determine whether
eighborhood environments are causally related to TL in African
mericans. Future studies should also consider additional dimen-
ions of neighborhood social and physical environments, including
bjective measures to improve our understanding how different
spects of neighborhood environments contribute to cellular aging.
To the best of our knowledge, our study is the ﬁrst to report
ex differences in the associations between perceived neighbor-
ood environments and cellular aging. However, our ﬁndings are
n line with one previous study that has shown associations of TL
ith perceived stress and poverty in 117 African American women
Geronimus et al., 2010). In our study, shorter TL was strongly asso-
iated with neighborhood problems in African American women,
ut not in African American men. The reasons for the observed dif-
erences remain unclear. However, prior work has indicated that
omen and men  differ in their perceptions, exposure, vulnerability
nd coping degree to the various aspects of neighborhood environ-
ents (Stafford et al., 2005), which could be one of the reasons for
he observed gender differences in associations with TL. Women are
specially more vulnerable than men  to certain aspects of neigh-
orhood environments due to their social roles whereas men  may
e more resilient or may  have more resources to cope with neigh-
orhood stressors than women (Stafford et al., 2005). Alternatively,
ifferences in hormonal exposure related to menopausal status
ay  also explain the observed associations among women. It has
een suggested that not only is TL longer in women  than in men,
ut also telomere attrition may  vary by menopausal status caused
y the effects of estrogen (Dalgård et al., 2015). Finally, the lack
f association in men  could simply be due to smaller sample sizes
n our study. Although our results provide preliminary evidence
f sex-speciﬁc difference in the associations of perceived neigh-
orhood environments and TL, future studies should conﬁrm these
esults in larger sample and clarify whether sex, menopausal sta-
us and sex-hormones are involved in modifying the relationships
etween perceived neighborhood environments and cellular aging.
The mechanisms by which neighborhood problems affect TL are
ot completely understood. However, one potential explanation for
he observed associations is through psychological stress. Because
f residential segregation, African Americans are more likely to live
n disadvantaged neighborhoods characterized by higher rates of
isorder, poverty, problems and violence, which leads to a host of
ental and emotional problems, such as hopelessness, perceived
tress, anxiety, and depression (Hill et al., 2005; Schulz et al., 2006;
ary et al., 2007). These psychological stressors have been linked
o oxidative stress and shorter TL (Epel et al., 2004; Salim, 2014;
eedham et al., 2015). In our study, however, adjusting for per-
eived stress and depression strengthened the association between
erceived neighborhood problems and TL. This is consistent with
ne study that reported the association between poor neighbor-
ood quality and shorter TL remained signiﬁcant after adjusting
or depression and anxiety, concluding that neighborhood qual-
ty affects TL above and beyond psychological stress (Park et al., factors in model 2.
rease in the perceived neighborhood variables.
2015). Although we  did not speciﬁcally investigate the role of HPA-
axis as mediators in our study, perceived neighborhood problems
may  contribute to cellular aging through their effect on HPA-axis,
including allostatic load, inﬂammatory mechanisms and oxidative
stress. There is evidence that perceived neighborhood environ-
ments (such as problems, disorder and lack of social cohesion) are
signiﬁcantly associated with higher inﬂammation and oxidative
stress (Nazmi et al., 2010; Schulz et al., 2012). Indeed, several stud-
ies have demonstrated that increased inﬂammations and oxidative
stress are major risk factors of telomere shortening (O’donovan
et al., 2011; Tomiyama et al., 2012). Lastly, perceived neighborhood
problems may  indirectly affect TL by promoting negative health
behaviors, such as smoking, lack of physical activity, and poor
diet, which could potentially lead to cellular aging(Puterman et al.,
2015). It is also important to note that TL is strongly inﬂuenced by
genetic factors therefore it is possible that genetic factors could also
modulate the associations of neighborhood environments with TL
(Mitchell et al., 2014). Additional studies are warranted to elucidate
the underlying mechanisms of the associations between neighbor-
hood environments and TL. In addition, it would be also important
future studies to consider the role of genetic variants in modulating
the associations of neighborhood environments with TL.
An important strength of our study is the assessment of spe-
ciﬁc features of neighborhood environments with TL in a high- risk
population of African Americans. To our knowledge, we are the ﬁrst
to report the associations between perceived neighborhood envi-
ronments and TL in African American women, thus our ﬁndings
contribute new evidence to the limited knowledge in this research
topic. Moreover, our study adjusted for a large set of important
covariates, including sociodemographic factors, health behaviors,
CVD risk factors and psychosocial factors, which minimized the
inﬂuence of confounding. Additionally, the use of reliable and well-
validated measure of TL is another important strength of this study.
However, our study has several limitations that must be consid-
ered when interpreting the results. The primary limitation of the
study is that relatively small sample, especially among men may
have limited our ability to draw ﬁrm conclusions. Thus, more stud-
ies involving large representative samples are necessary to clarify
the relationships between neighborhood environments and TL. The
cross-sectional nature of our study also precludes drawing causal
inferences. Therefore, longitudinal studies are needed to determine
whether the observed associations are causal and if so to identify
the speciﬁc mechanisms involved. Additionally, our ﬁndings are
based on perceived neighborhood measures; we did not have objec-
tive measures of neighborhood environments, which might lead to
different relationships with TL. Another limitation is that although
we were able to adjust for a comprehensive set of covariates in
our caution to avoid residual confounding, over-adjustment may
be biasing our ﬁndings. It may  also possible that other unmeasured
confounding may  still exist resulting in “omitted variable bias” (e.g.,
menopausal status, sex hormones, diet, physical activity, and other
age-related chronic diseases). Further, TL measure using Cawthon’s
qPCR technique is subject to measurement errors thus may  mask
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rue associations between perceived neighborhood environments
nd TL, although this is less likely since our TL measure had higher
ccuracy with small coefﬁcient of variations. Lastly, our ﬁndings are
ased on middle-aged African Americans from the South who had
igher rates of severe hypertension; therefore, the ﬁndings may  not
e generalizable to older or other African Americans subgroups in
ther regions of the US.
In conclusion, perceived neighborhood problems are associated
ith shorter TL among African American women above and beyond
ndividual-risk factors and social cohesion. Thus, our ﬁndings con-
ribute further evidence to the limited literature that neighborhood
roblems as a source of chronic stress may  lead to TL shortening.
lthough longitudinal studies are needed to better understand how
he different aspects of neighborhood environments may  affect
L, our results provide preliminary evidence that neighborhood
nvironments may  be a useful intervention target for reducing
remature aging, age-related diseases and mortality in African
mericans, particularly in African American women.
ole of the funding sources
The funders had no role in the study design, analysis of data,
nterpretation of ﬁndings, or the writing of the manuscript. The
ndings and conclusions expressed in this article are those of the
uthors and do not necessarily represent the views of the National
nstitutes of Health (NIH) or the Department of Health and Human
ervices (DHHS).
uthor contributions
G.Y.S conceived and designed the study. G.Y.S drafted the
anuscript. G.Y.S. performed the statistical analysis. All authors
f this manuscript have read and critically revised the manuscript
or important intellectual content. All authors approved the ﬁnal
ersion submitted. S.K.D and G.H.G supervised the study, provided
unding, administrative, technical and material support.
onﬂict of interest
None.
cknowledgements
This research is supported by Intramural Program of National
uman Genomics Institute, National Institutes of Health. The MH-
RID study was supported by the National Institute on Minority
ealth and Health Disparities (1RC4MD005964-01). We  also thank
ancer Genomics Research laboratory (CGR) for performing telom-
re assay for our study and we also wish to thank Casey Dagnall for
er helpful comments on telomere length measurements.
ppendix A. Supplementary data
Supplementary data associated with this article can be found, in
he online version, at http://dx.doi.org/10.1016/j.psyneuen.2016.
3.018.
eferences
ird, C.E., Seeman, T., Escarce, J.J., Basurto-Davila, R., Finch, B.K., Dubowitz, T.,
Heron, M.,  Hale, L., Merkin, S.S., Weden, M.,  Lurie, N., 2010. Neighbourhood
socioeconomic status and biological ‘wear and tear’ in a nationally
representative sample of US adults. J. Epidemiol. Community Health 64,
860–865.
ischoff, C., Petersen, H.C., Graakjaer, J., Andersen-Ranberg, K., Vaupel, J.W., Bohr,
V.A., Kolvraa, S., Christensen, K., 2006. No association between telomere length
and survival among the elderly and oldest old. Epidemiology 17, 190–194.ocrinology 69 (2016) 90–97
Blackburn, E.H., 2000. Telomere states and cell fates. Nature 408, 53–56.
Blasco, M.A., 2005. Telomeres and human disease: ageing cancer and beyond. Nat.
Rev. Genet. 6, 611–622.
Burdette, A.M., Hill, T.D., 2008. An examination of processes linking perceived
neighborhood disorder and obesity. Soc. Sci. Med. 67, 38–46.
Carty, C.L., Kooperberg, C., Liu, J., Herndon, M.,  Assimes, T., Hou, L., Kroenke, C.H.,
Lacroix, A.Z., Kimura, M.,  Aviv, A., Reiner, A.P., 2015. Leukocyte telomere length
and risks of incident coronary heart disease and mortality in a racially diverse
population of postmenopausal women. Arterioscler. Thromb. Vasc. Biol. 35,
2225–2231.
Cawthon, R.M., Smith, K.R., O’brien, E., Sivatchenko, A., Kerber, R.A., 2003.
Association between telomere length in blood and mortality in people aged 60
years or older. Lancet 361, 393–395.
Cawthon, R.M., 2002. Telomere measurement by quantitative PCR. Nucleic Acids
Res. 30, e47.
Cawthon, R.M., 2009. Telomere length measurement by a novel monochrome
multiplex quantitative PCR method. Nucleic Acids Res. 37, e21.
Chae, D.H., Nuru-Jeter, A.M., Adler, N.E., Brody, G.H., Lin, J., Blackburn, E.H., Epel,
E.S., 2014. Discrimination, racial bias, and telomere length in African-american
men. Am.  J. Prev. Med. 46, 103–111.
Cohen, S., Kamarck, T., Mermelstein, R., 1983. A global measure of perceived stress.
J.  Health Soc. Behav. 24, 385–396.
Dalgård, C., Benetos, A., Verhulst, S., Labat, C., Kark, J.D., Christensen, K., Kimura, M.,
Kyvik, K.O., Aviv, A., 2015. Leukocyte telomere length dynamics in women and
men: menopause vs age effects. Int. J. Epidemiol. 44, 1688–1695.
Demissie, S., Levy, D., Benjamin, E.J., Cupples, L.A., Gardner, J.P., Herbert, A., Kimura,
M., Larson, M.G., Meigs, J.B., Keaney, J.F., Aviv, A., 2006. Insulin resistance,
oxidative stress, hypertension, and leukocyte telomere length in men from the
Framingham heart study. Aging Cell 5, 325–330.
Diez Roux, A.V., Mair, C., 2010. Neighborhoods and health. Ann. N. Y. Acad. Sci.
1186, 125–145.
Diez Roux, A.V., Ranjit, N., Jenny, N.S., Shea, S., Cushman, M., Fitzpatrick, A.,
Seeman, T., 2009. Race/ethnicity and telomere length in the Multi-Ethnic Study
of  Atherosclerosis. Aging Cell 8, 251–257.
Dulin-Keita, A., Kaur Thind, H., Affuso, O., Baskin, M.L., 2013. The associations of
perceived neighborhood disorder and physical activity with obesity among
African American adolescents. BMC  Public Health 13, 1–10.
Echeverría, S., Diez-Roux, A.V., Shea, S., Borrell, L.N., Jackson, S., 2008. Associations
of  neighborhood problems and neighborhood social cohesion with mental
health and health behaviors: the Multi-ethnic Study of Atherosclerosis. Health
Place 14, 853–865.
Epel, E.S., Blackburn, E.H., Lin, J., Dhabhar, F.S., Adler, N.E., Morrow, J.D., Cawthon,
R.M., 2004. Accelerated telomere shortening in response to life stress. Proc.
Natl. Acad. Sci. U. S. A. 101, 17312–17315.
Gary, T.L., Stark, S.A., Laveist, T.A., 2007. Neighborhood characteristics and mental
health among African Americans and whites living in a racially integrated
urban community. Health Place 13, 569–575.
Geronimus, A.T., Hicken, M.T., Pearson, J.A., Seashols, S.J., Brown, K.L., Cruz, T.D.,
2010. Do US black women experience stress-related accelerated biological
aging? A novel theory and ﬁrst population-based test of black-white
differences in telomere length. Hum. Nat. (Hawthorne N.Y.) 21, 19–38.
Geronimus, A.T., Pearson, J.A., Linnenbringer, E., Schulz, A.J., Reyes, A.G., Epel, E.S.,
Lin, J., Blackburn, E.H., 2015. Race-ethnicity, poverty, urban stressors, and
telomere length in a detroit community-based sample. J. Health Soc. Behav. 21,
19–38.
Hill, T.D., Ross, C.E., Angel, R.J., 2005. Neighborhood disorder, psychophysiological
distress, and health. J. Health Soc. Behav. 46, 170–186.
Horbal, S.R., Seffens, W.,  Davis, A.R., Silvestrov, N., Gibbons, G.H., Quarells, R.C.,
Bidulescu, A., 2016. Associations of apelin, visfatin, and urinary 8-Isoprostane
with severe hypertension in african americans: the MH-gRID study. Am. J.
Hypertens. 11, http://dx.doi.org/10.1093/ajh/hpw007.
Kawachi, L., Berkman, L.F., 2000. Social cohesion, social capital, and health. In:
Berkman, L.F., Kawachi, I. (Eds.), Social Epidemiology. Oxford University Press,
New York, pp. 174–190.
Martin, K.R., Shrefﬂer, J., Schoster, B., Callahan, L.F., 2010. Associations of perceived
neighborhood environment on health status outcomes in persons with
arthritis. Arthritis Care Res. 62, 1602–1611.
Mcewen, B.S., 1998. Protective and damaging effects of stress mediators. N. Engl. J.
Med. 338, 171–179.
Mitchell, C., Hobcraft, J., Mclanahan, S.S., Siegel, S.R., Berg, A., Brooks-Gunn, J.,
Garﬁnkel, I., Notterman, D., 2014. Social disadvantage, genetic sensitivity, and
children’s telomere length. Proc. Natl. Acad. Sci. 111, 5944–5949.
Monaghan, P., 2010. Telomeres and life histories: the long and the short of it. Ann.
N. Y. Acad. Sci. 1206, 130–142.
Nazmi, A., Roux, A.D., Ranjit, N., Seeman, T.E., Jenny, N.S., 2010. Cross-sectional and
longitudinal associations of neighborhood characteristics with inﬂammatory
markers: ﬁndings from the Multi-Ethnic Study of Atherosclerosis. Health Place
16,  1104–1112.
Needham, B.L., Carroll, J.E., Diez Roux, A.V., Fitzpatrick, A.L., Moore, K., Seeman, T.E.,
2014. Neighborhood characteristics and leukocyte telomere length: the
Multi-Ethnic Study of Atherosclerosis. Health Place 28, 167–172.Needham, B.L., Mezuk, B., Bareis, N., Lin, J., Blackburn, E.H., Epel, E.S., 2015.
Depression: anxiety and telomere length in young adults: evidence from the
National Health and Nutrition Examination Survey. Mol. Psychiatry 20,
520–528.
uroend
O
O
P
P
P
R
R
R
R
S
S
S
SS.Y. Gebreab et al. / Psychone
’donovan, A., Pantell, M.S., Puterman, E., Dhabhar, F.S., Blackburn, E.H., Yaffe, K.,
Cawthon, R.M., Opresko, P.L., Hsueh, W.C., Satterﬁeld, S., Newman, A.B.,
Ayonayon, H.N., Rubin, S.M., Harris, T.B., Epel, E.S., 2011. Cumulative
inﬂammatory load is associated with short leukocyte telomere length in the
Health, Aging and Body Composition Study. PLoS One 6, e19687.
sypuk, T.L., Galea, S., Mcardle, N., Acevedo-Garcia, D., 2009. Quantifying separate
and  unequal: racial-ethnic distributions of neighborhood poverty in
metropolitan america. Urban Aff. Rev. (Thousand Oaks Calif.) 45, 25–65.
ark, M.,  Verhoeven, J.E., Cuijpers, P., Reynolds Iii, C.F., Penninx, B.W.J.H., 2015.
Where you live may make you old: the association between perceived poor
neighborhood quality and leukocyte telomere length. PLoS One 10, e0128460.
rice, L.H., Kao, H.-T., Burgers, D.E., Carpenter, L.L., Tyrka, A.R., 2013. Telomeres and
early-life stress: an overview. Biol. Psychiatry 73, 15–23.
uterman, E., Lin, J., Krauss, J., Blackburn, E.H., Epel, E.S., 2015. Determinants of
telomere attrition over 1 year in healthy older women: stress and health
behaviors matter. Mol. Psychiatry 20, 529–535.
adloff, L.S., 1977. The CES-d scale: a self-report depression scale for research in
the  general population. Appl. Psychol. Meas. 1, 385–401.
ewak, M., Buka, S., Prescott, J., DE Vivo, I., Loucks, E.B., Kawachi, I., Non, A.L.,
Kubzansky, L.D., 2014. Race-related health disparities and biological aging:
does rate of telomere shortening differ across blacks and whites? Biol. Psychol.
99, 92–99.
oss, C.E., Mirowsky, J., 1999. Disorder and decay: the concept and measurement
of perceived neighborhood disorder. Urban Aff. Rev. 34, 412–432.
oss, C.E., Mirowsky, J., 2001. Neighborhood disadvantage, disorder, and health. J.
Health Soc. Behav. 42, 258–276.
alim, S., 2014. Oxidative stress and psychological disorders. Curr.
Neuropharmacol. 12, 140–147.
alpea, K.D., Humphries, S.E., 2010. Telomere length in atherosclerosis and
diabetes. Atherosclerosis 209, 35–38.
ampson, R.J., Raudenbush, S.W., Earls, F., 1997. Neighborhoods and violent crime:
a  multilevel study of collective efﬁcacy. Science 277, 918–924.
anders, J.L., Newman, A.B., 2013. Telomere length in epidemiology: a biomarker of
aging, age-related disease, both, or neither? Epidemiol. Rev. 35, 112–131.ocrinology 69 (2016) 90–97 97
Schulz, A.J., Israel, B.A., Zenk, S.N., Parker, E.A., Lichtenstein, R., Shellman-Weir, S.,
Klem, A.B., 2006. Psychosocial stress and social support as mediators of
relationships between income, length of residence and depressive symptoms
among African American women  on Detroit’s eastside. Social Sci. Med. 62,
510–522.
Schulz, A.J., Mentz, G., Lachance, L., Johnson, J., Gaines, C., Israel, B.A., 2012.
Associations between socioeconomic status and allostatic load: effects of
neighborhood poverty and tests of mediating pathways. Am.  J. Public Health
102, 1706–1714.
Simon, N.M., Smoller, J.W., Mcnamara, K.L., Maser, R.S., Zalta, A.K., Pollack, M.H.,
Nierenberg, A.A., Fava, M.,  Wong, K.-K., 2006. Telomere shortening and mood
disorders: preliminary support for a chronic stress model of accelerated aging.
Biol. Psychiatry 60, 432–435.
Slagboom, P.E., Droog, S., Boomsma, D.I., 1994. Genetic determination of telomere
size in humans: a twin study of three age groups. Am.  J. Hum. Genet. 55,
876–882.
Stafford, M.,  Cummins, S., Macintyre, S., Ellaway, A., Marmot, M.,  2005. Gender
differences in the associations between health and neighbourhood
environment. Soc. Sci. Med. 60, 1681–1692.
Steptoe, A., Feldman, P.J., 2001. Neighborhood problems as sources of chronic
stress: development of a measure of neighborhood problems, and associations
with socioeconomic status and health. Ann. Behav. Med. 23, 177–185.
Theall, K.P., Brett, Z.H., Shirtcliff, E.A., Dunn, E.C., Drury, S.S., 2013. Neighborhood
disorder and telomeres: connecting children’s exposure to community level
stress and cellular response. Soc. Sci. Med. 85, 50–58.
Tomiyama, A.J., O’donovan, A., Lin, J., Puterman, E., Lazaro, A., Chan, J., Dhabhar,
F.S., Wolkowitz, O., Kirschbaum, C., Blackburn, E., Epel, E., 2012. Does cellular
aging relate to patterns of allostasis? An examination of basal and stress
reactive HPA axis activity and telomere length. Physiol. Behav. 106, 40–45.Williams, D.R., Jackson, P.B., 2005. Social sources of racial disparities In health.
Health Aff. (Millwood) 24, 325–334.
Zee, R.Y., Castonguay, A.J., Barton, N.S., Germer, S., Martin, M.,  2010. Mean
leukocyte telomere length shortening and type 2 diabetes mellitus: a
case-control study. Transl. Res. 155, 166–169.
